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Description 

During  combat,  the  situation  might  arise  where 
it  is  necessary  to  breach  a  "safe"  lane  through 
either  friendly  or  enemy  minefields  in  order  to 
facilitate  a  retreat  or  an  assault  on  enemy  positions. 
By  safe,  it  is  meant  that  any  mines  in  the  lane  must 
either  be  removed,  rendered  nonfunctional,  or  neu- 
tralized  through  induced  triggering,  thus  at  allowing 
passage  of  troops  and  vehicles  through  the 
minefield  without  incident. 

A  survey  of  current  minefield  detection  and 
breaching  methods  indicates  that  most  existing 
mine-clearing  techniques  are  based  on  either  me- 
chanical  devices  such  as  ploughs,  rollers  and  flails 
or  on  explosive  devices  such  as  the  highexplosive 
(HE)  line  charge  and  the  fuel-air  explosive  (FAE) 
canister  array. 

The  high-explosive  line  charge  is  exemplified 
by  the  U.K.  "Giant  Viper"  system  which  consists  of 
a  183  m  long  hose  filled  with  PE6/A1  high  explo- 
sive.  Weighing  almost  1500  kg,  the  Giant  Viper  is 
carried  aboard  a  trailer  and  towed  to  the  minefield 
by  an  armoured  vehicle.  It  is  projected  across  the 
minefield  from  a  standoff  of  100  m  by  a  flight 
vehicle  powered  by  eight  rocket  motors.  Three 
arresting  parachutes  straighten,  stabilize  and  decel- 
erate  the  hose  as  it  falls  across  the  minefield.  A 
delayed  fuse,  activated  by  the  parachutes,  then 
detonates  the  explosive-filled  hose  producing  a 
blast  wave  which  triggers  single-impulse  pressure 
sensitive  mines  within  a  distance  of  3.5  m  from  the 
charge. 

The  FAE  canister  system  is  the  basis  of  the 
U.S.  Surface  Launched  Unit  Fuel-Air  Explosive 
(SLUFAE).  The  SLUFAE  system  consists  of  30 
rocket-propelled  canisters  mounted  on  a  tracked 
cargo  vehicle.  Each  canister  contains  38.5  kg  of 
liquid  propylene  oxide  fuel.  These  are  sequentially 
launched  from  a  700  m  standoff  and  follow  para- 
chute  retarded  trajectories  to  land  along  a  line 
spanning  the  minefield.  Upon  impact,  the  fuel  in 
each  canister  is  dispersed  to  form  an  explosive  fuel 
droplet-air  cloud  which  is  subsequently  detonated 
by  a  small  explosive  charge.  The  detonation  of 
each  cloud  produces  a  blast  wave  capable  of  ac- 
tivating  surface-laid  single-impulse  pressure  sen- 
sitive  mines  within  a  circular  area  20  m  in  diameter. 
The  SLUFAE  device  is  also  intended  to  neutralize 
buried  single-impulse  mines,  an  operation  which 
requires  substantially  higher  specific  impulses.  For 
mines  buried  15  cm  below  grade,  a  SLUFAE  can- 
ister  is  capable  of  clearing  a  12  m  diameter  circle. 
In  such  a  minefield,  the  30  canisters  are  deployed 
in  an  overlapping  linear  array  to  clear  a  path  160  m 
long  and  8  m  wide. 

Both  minefield  breaching  systems  described 
above  are  inadequate  in  terms  of  operational  re- 

liability,  effectiveness  and  cost.  Launching  the  high- 
explosive  line  charge  across  a  minefield  is  a  dif- 
ficult  and  hazardous  operation  with  a  relatively  high 
occurrence  of  misfires.  Furthermore,  the  detonation 

5  of  the  high-explosive  charge  produces  a  "skip 
zone"  of  decreased  pressure  and  impulse,  parallel 
to  and  about  1  m  off  the  charge  axis,  where  mines 
might  not  be  triggered. 

From  a  fundamental  point  of  view,  the  use  of 
io  high  explosives  is  not  the  most  attractive  option  for 

breaching  purposes.  This  is  true  for  two  reasons. 
First,  a  significant  fraction  of  the  high-explosive 
material  is  oxygen,  which  must  be  launched  over 
the  minefield  along  with  the  fuel  component,  de- 

75  spite  the  abundance  of  readily  available  oxygen 
along  the  intended  breach  lane.  This  results  in  a 
larger  payload  having  to  be  deployed  than  would 
be  the  case  if  ambient  oxygen  was  consumed  in 
the  reaction.  Second,  high  explosives  produce  a 

20  blast  field  with  pressures  and  impulses  which  far 
exceed  those  required  for  breaching  in  the  near 
field,  but  which  fall  off  rapidly  with  increasing  dis- 
tance  from  the  charge  and  quickly  become  unsatis- 
factory  for  breaching  purposes.  In  other  words,  the 

25  distribution  of  available  energy  or  "energy  density" 
is  far  from  optimum. 

An  attractive  alternative  to  high  explosives, 
which  avoids  these  fundamental  shortcomings,  is 
fuel-air  explosives.  With  this  type  of  explosive,  at- 

30  mospheric  oxygen  is  consumed  during  the  detona- 
tion  reaction.  As  well,  the  fuel  is  distributed  over  a 
large  area,  resulting  in  a  charge  of  lower  energy 
density,  but  making  more  effective  use  of  the  fuel. 
Although  the  U.S.  SLUFAE  system  enjoys  these 

35  advantages  over  the  Giant  Viper,  it  too  suffers 
drawbacks,  but  of  a  different  nature.  For  example, 
the  system  requires  high  deployment  accuracy  in 
order  to  ensure  that  the  canisters  land  properly 
spaced  along  a  line  across  the  minefield.  With  the 

40  canisters  being  parachute  retarded,  this  tends  to  be 
a  difficult  feat,  particularly  in  the  presence  of  any 
cross  winds.  As  a  result,  the  design  cloud  overlap 
must  be  substantial  in  order  to  eliminate  skip  zones 
where  mines  would  not  be  triggered.  This  creates 

45  yet  another  problem;  namely,  that  the  hot  combus- 
tion  products  resulting  from  the  detonation  of  one 
cloud  tend  to  prematurely  ignite  the  fuel  droplet-air 
cloud  produced  by  the  neighbouring  canister.  The 
mere  fact  that  SLUFAE  attempts  to  approximate  a 

50  lane  by  a  series  of  overlapping  circular  clouds  also 
means  that  the  fuel  is  not  being  used  efficiently. 

Another  example  of  the  FAE  system  is  found  in 
U.S.-A-  3,724,319  which  strings  together  a  plurality 
of  fuel  containing  canisters,  the  canisters  being 

55  connected  by  a  cord  which  can  be  detonated.  The 
entire  string  of  canisters  is  towed  over  the 
minefield  by  a  projectile  such  as  a  rocket.  This 
system  has  the  same  disadvantages  as  described 
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above  with  respect  to  the  SLUFAE  system.  In  par- 
ticular,  the  loads  imposed  on  the  connecting  cord 
are  very  high  and  deployment  accuracy  is  re- 
quired.  Also,  the  canisters  must  be  pre-filled  with 
fuel  which  can  be  very  dangerous  for  the  people 
handling  the  system. 

Yet  another  system  is  disclosed  in  EP-A- 
232,194,  which  forms  the  preamble  of  claim  1.  That 
system  utilizes  a  hose  which  can  be  pulled  onto  a 
minefield  by  a  projectile,  such  as  a  rocket;  and 
which  is  subsequently  filled  with  a  liquid  fuel.  The 
fuel  is  detonated  creating  an  explosion  which  sets 
off  the  mines  in  the  minefield.  With  this  system  fuel 
is  filled  into  the  hose  all  the  way  from  the  storage 
containers  and  hence  those  containers  will  be  de- 
stroyed  when  the  fuel  explodes.  Any  operator 
standing  in  the  vicinity  of  the  containers  would  be 
seriously  injured.  This  system  is  closer  to  the  high 
explosive  system  in  that  it  does  not  create  a  subse- 
quently  detonated  fuel  in  air  mixture  as  do  the  FAE 
systems. 

The  present  invention  overcomes  the  problems 
of  the  prior  art  described  above  while  utilizing  the 
advantageous  features  of  the  high-explosive  line 
charge  system  and  those  of  the  fuel-air  explosive 
system.  The  system  of  this  invention  may  be  char- 
acterized  as  a  fuel-air  explosive  line  charge  sys- 
tem.  It  consists  of  a  hose  which  is  filled  with  a 
liquid  hydrocarbon  fuel  and  which  contains  a  cord 
of  detonating  material.  Many  commercially  avail- 
able  types  of  fire  hose  have  been  tested  and  found 
to  be  suitable  for  this  application.  In  fact,  the  most 
common  sizes  of  fire  hose  (75-mm  to  100-mm 
diameter)  are  ideal  for  achieving  the  desired 
breach  width. 

Several  different  hydrocarbon  fuels  have  also 
been  found  appropriate,  including  propylene  oxide, 
hexylnitrate  and  ethylhexylnitrate.  When  the  deto- 
nating  cord  contained  inside  the  hose  is  initiated, 
the  energy  produced  by  the  detonation  ruptures 
the  hose  and  propels  the  fuel  radially  outward, 
forming  a  fuel  droplet-air  cloud  of  approximately 
hemi-cylindrical  geometry.  The  detonating  cord  is 
commercially  available  from  a  variety  of  suppliers. 
Extensive  experimentation  has  shown  that  the 
pressure-impulse  characteristics  of  the  cloud  are 
optimal  when  the  fuel  is  distributed  in  such  a 
manner  that  the  cloud  is  globally  stoichiometric  in 
composition.  Tests  have  shown  that  this  occurs  if 
the  mass  ratio  of  liquid  fuel  to  detonating  cord  is 
approximately  50.  Once  the  droplet-air  cloud  has 
been  formed,  a  secondary  high-explosive  charge, 
situated  within  the  anticipated  FAE  cloud,  is  ex- 
ploded  to  commence  a  detonation  wave  that  propa- 
gates  from  one  end  of  the  cloud  to  the  other. 
Propagation  takes  place  at  a  velocity  of  approxi- 
mately  two  kilometers  per  second.  The  pressures 
generated  within  the  cloud  (approximately  15  at- 

mospheres)  are  sufficient  to  defeat  most  single- 
impulse  pressure  sensitive  mines.  The  delay  be- 
tween  detonation  of  the  burster  charge  and  secon- 
dary  charge  is  on  the  order  of  0.1  seconds,  so  that 

5  the  phenomenon  is  not  adversely  affected  by  am- 
bient  winds. 

Based  on  the  charge  configuration  discussed 
above  a  line-charge  deployment  system  includes  a 
rocket-powered  tow  vehicle  to  distribute  an  empty 

io  (i.e.,  no  liquid  fuel  contained  therein)  line-charge 
hose  over  a  mined  area.  Subsequently,  the  hose  is 
rapidly  filled  with  a  suitable  liquid  fuel.  Following 
this  fuel  filling  phase,  a  slug  of  water  is  injected 
into  the  hose  in  order  to  isolate  the  carrier  vehicle 

is  from  any  combustible/explosive  material.  After  the 
slug  has  been  created,  the  detonating  cord  is  ini- 
tiated  to  form  a  fuel  droplet-air  cloud.  A  series  of 
secondary  charges,  distributed  along  the  length  of 
the  line  charge,  are  then  detonated  to  establish 

20  propagation  in  the  droplet-air  cloud. 
In  order  to  avoid  hot  spots  that  might  occur 

where  the  detonating  cord  contacts  the  hose,  which 
hot  spots  could  result  in  premature  deflagration  of 
the  fuel  droplet-air  cloud,  it  is  desirable  from  a 

25  pressure-impulse  point  of  view  (although  not  essen- 
tial  for  detonation  propagation)  to  provide  the  deto- 
nating  cord  with  some  means  for  spacing  the  cord 
from  the  inner  wall  of  the  hose.  Such  means  could 
include  disc-like  or  cruciform  spacers  positioned 

30  along  the  cord  or  sets  of  collapsible  fingers  posi- 
tioned  along  the  cord.  The  preferred  spacing 
means  however  is  a  foam  rubber  jacket  around  the 
cord  and  extending  the  length  thereof.  The  jacket 
would  have  to  be  made  from  a  material  which  is 

35  insensitive  to  the  fuel;  it  would  need  an  open  cell 
structure  to  permit  the  fuel  to  surround  the  cord  it 
should  be  of  low  density;  and  it  should  occupy  as 
little  space  as  possible  when  dry,  expanding  sub- 
stantially  in  the  presence  of  fuel  so  as  to  perform 

40  its  desired  function.  It  has  been  found  for  example, 
that  neoprene  works  quite  satisfactorily  but  it  is 
expected  that  another  rubber  materials  could  work 
as  well  as  or  better  than  neoprene. 

Generally  speaking,  therefore,  the  present  in- 
45  vention  may  be  considered  as  providing  a  system 

for  breaching  a  safe  lane  through  a  minefield  which 
is  characterized  by  the  combination  of  the  following 
features: 
The  detonation  means  is  a  small  diameter  cord  of 

50  explosive  material,  the  hose  includes  a  main  hose 
section  and  an  umbilical  hose  section  of  a  diamter 
smaller  than  that  of  the  main  hose  section,  said 
cord  of  explosive  material  extending  primarily  with- 
in  said  main  hose  section  and  being  electrically 

55  connected  through  the  umbilical  hose  section  to 
said  carrier  means,  the  means  for  detonating  the 
cord  after  hose  deployment  first  creates  a  cloud  of 
fuel  droplets-in-air  above  the  minefield  along  a  line 
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defined  by  the  deployed  hose,  and  includes  means 
for  thereafter  detonating  the  cloud  to  create  said 
pressure  wave,  means  for  sensing  when  said  main 
hose  section  is  full  of  fuel,  a  tank  stored  on  said 
carrier  means  for  storing  water  therein;  and  valve 
means  operable  to  direct  pressurized  gas  from  said 
fuel  transferring  means  into  said  water  tank  to  drive 
water  therefrom  into  said  umbilical  hose  section 
when  said  sensing  means  has  sensed  that  said 
main  hose  section  is  full  of  fuel. 

The  invention  will  now  be  described  in  greater 
detail  and  with  reference  to  the  drawings. 

Figures  1A  to  1D  show  the  operation  of  the 
prior  art  GIANT  VIPER  high  explosive  minefield 
breaching  system; 
Figure  2  shows  the  operation  of  the  prior  art 
U.S.  fuel-air  explosive  minefield  breaching  sys- 
tem; 
Figure  3  shows  the  operation  of  the  high-explo- 
sive  fuel-air  minefield  breaching  system  of  the 
present  invention; 
Figure  4  shows  the  flight  assembly  of  the 
present  invention; 
Figure  5  shows  a  cross-section  of  the  hose 
used  in  the  present  invention,  as  taken  on  the 
line  5-5  of  Figure  4; 
Figures  5A  to  5D  illustrate  schematically  sev- 
eral  means  for  spacing  the  detonating  cord  from 
the  inner  wall  of  the  hose. 
Figure  6  shows  a  typical  transport  vehicle  which 
could  be  used  to  transport  the  system  of  the 
present  invention  to  a  minefield  to  be  breached; 
Figure  7  shows  a  longitudinal  cross-section  of  a 
deployment  rocket  for  the  present  invention,  tak- 
en  on  the  line  7-7  of  Figure  8;  and 
Figure  8  shows  a  transverse  cross-section  of 
the  deployment  rocket,  taken  on  the  line  8-8  of 
Figure  7. 
Figures  9  to  11  show  the  manner  in  which  the 
secondary  charge  is  attached  to  the  hose  and 
subsequently  deployed  for  detonation. 
The  U.K.  GIANT  VIPER  minefield  breaching 

system  is  shown  in  Figures  1A  to  1D.  Therein,  an 
armoured  vehicle  V  is  shown  near  a  minefield  M  to 
be  breached.  The  vehicle  tows  a  trailer  T  which 
carries  a  hose  H.  When  used,  a  flight  vehicle  R, 
such  as  an  8-motor  rocket,  pulls  the  hose  H  across 
the  minefield  M  (Figure  1B)  and  then  three  arrest- 
ing  parachutes  P  straighten,  stabilize  and  decel- 
erate  the  hose,  so  that  it  falls  across  the  minefield 
as  in  Figure  1D.  A  delayed  fuse,  activated  by  the 
parachutes,  detonates  the  explosive  within  the  hose 
to  produce  a  blast  wave  which  triggers  single- 
impulse  pressure  sensitive  mines  within  a  distance 
of  about  3  1/2  meters  from  the  hose.  The  disadvan- 
tages  of  this  system  have  been  discussed  pre- 
viously  and  need  not  be  reitereated  herein. 

The  U.S.  Surface  Launched  Unit  Fuel-Air  Ex- 
plosive  (SLUFAE)  system  is  depicted  in  Figure  2.  A 
plurality,  such  as  30,  of  rocket-propelled  canisters 
C  are  sequentially  launched  from  a  tracked  vehicle 

5  TV  and  follow  parachute  retarded  trajectories  L  to 
land  along  a  line  spanning  the  minefield  M.  Upon 
impact,  the  fuel  in  each  canister  is  dispersed  to 
form  a  cloud  of  explosive  fuel  droplets  which  is 
subsequently  detonated  by  a  small  charge.  The 

io  resulting  blast  wave  should  be  capable  of  activating 
surface-laid  single-impulse  pressure  sensitive 
mines  along  a  line  about  20  m  wide. 

The  disadvantages  of  the  SLUFAE  system 
have  been  discussed  previously  and  need  not  be 

is  reiterated  herein. 
The  minefield  breaching  system  of  the  present 

invention  exhibits  the  advantages  of  the  two  prior 
art  systems  discussed  herein  without  suffering  from 
the  disadvantages  thereof.  The  system  10  is  shown 

20  in  an  operational  mode  in  Figures  3  and  4  and 
includes  a  trailer  or  other  carrier  12  on  which  the 
components  are  mounted  for  transport  and  from 
which  they  are  deployed  as  required,  a  rocket 
powered  tow  vehicle  14,  a  flexible  main  hose  16 

25  connected  to  the  tow  vehicle  14  by  a  tow  line  18, 
arresting  drogue  parachutes  20  and  a  flexible  um- 
bilical  tube  22  anchored  at  one  end  24  to  the 
carrier  vehicle  12  and  at  the  other  end  to  the 
trailing  end  of  the  hose  16.  Internally,  the  hose  16 

30  carries  a  high  explosive  detonating  cord  24  (Figure 
5)  which  takes  up  only  a  small  portion  of  the 
internal  space  26  of  the  hose.  As  seen  in  Figure  5 
the  detonating  cord  24  preferably  includes  a  plural- 
ity  of  individual  strands  28  contained  in  a  polyethyl- 

35  ene  jacket  30  to  resist  attack  by  fuel  contained 
within  the  hose  16. 

The  trailer  or  carrier  12  carries  all  components 
of  the  system  of  this  invention  and  is  thus  com- 
pletely  self-contained.  With  reference  to  Figure  6 

40  the  carrier  12  is  shown  as  including  a  frame  32 
mounting  road  wheels  34  thereon  and  having  a 
tongue  36  and  hitch  point  38  for  connection  to  a 
towing  vehicle  such  as  a  tank  or  armoured  per- 
sonnel  carrier.  The  carrier  12  also  mounts  a  fuel 

45  tank  40,  high  pressure  nitrogen  tanks  42,  a  water 
tank  44,  a  launch  rail  46  along  which  the  launch 
vehicle  14  will  travel  during  launch,  and  a  storage 
magazine  48  for  storing  the  line-charge  hose  16 
and  the  umbilical  hose  22. 

50  The  tow  vehicle  14  is  shown  in  some  detail  in 
Figures  7  and  8.  The  propulsive  power  for  the  tow 
vehicle  is  provided  by  four  70mm  CRV7  rocket 
motors  50.  The  thrust  loads  developed  are  taken  at 
the  forward  bulkhead  52  (see  Figure  7).  The  rock- 

55  ets  are  attached  to  the  bulkhead  by  four  moulded 
plastic  fittings  54.  Two  pairs  of  clamps  56  are 
attached  to  the  bulkhead  52  to  retain  and  guide  the 
vehicle  along  the  launch  rail  46.  The  vehicle  is 

4 
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stabilized  in  flight  by  four  steel  fins  58.  Two  tow 
cable  attachment  fittings  60  are  mounted  at  the 
trailing  edge  of  two  opposing  fins  and  secured  with 
pins.  The  rocket  motor  nozzles  are  equipped  with 
vanes  which  deflect  the  rocket  exhaust  products  to 
produce  torque  and  thus  cause  rotation  of  the 
vehicle  during  flight.  This  motion  is  augmented 
through  an  applied  roll  torque  produced  by  fixed 
control  surfaces  62  located  at  each  fin  tip.  The 
purpose  of  the  rolling  motion  is  to  cancel  out  drag 
assymetries. 

The  tow  cable  18  transmits  towing  forces  to  the 
line-charge  hose  16,  separates  the  line-charge 
hose  from  potentially  damaging  hot  rocket  exhaust 
products  and  isolates  the  line-charge  hose  from  the 
rolling  motion  of  the  tow  vehicle  14.  The  tow  cable 
18  consists  of  two  insulated  tow  lines  18a,  a  load 
equalizing  bridle  60a,  a  swivel  assembly  64  and  the 
tow  line  proper.  The  insulating  material  covering 
the  tow  lines  is  ceramic.  Towing  forces  developed 
during  flight  can  reach  2000  N. 

The  line-charge  storage  magazine  48,  mounted 
on  the  trailer  12,  is  3.65  m  in  length  and  divided 
into  three  sections.  Two  sections  are  160  mm  in 
width  and  hold  28  layers  of  folded  100-mm  diam- 
eter  hose.  The  third  section  is  108  mm  in  width 
and  holds  28  layers  of  folded  65-mm  diameter 
hose.  The  forward  end  and  the  top  of  the  magazine 
48  are  open  to  allow  rapid  withdrawal  of  the  hose 
16  by  the  tow  vehicle  14.  Withdrawal  of  the  hose 
16  begins  at  the  top  of  the  compartment  furthest 
away  from  the  launch  rail  45.  A  series  of  folds  in 
the  hose  enables  a  smooth  transition  from  the 
bottom  hose  layer  in  one  compartment  to  the  top 
hose  layer  in  the  adjacent  compartment,  without 
introducing  twists  in  the  hose.  Packing  of  the  hose 
begins  at  the  umbilical  end,  with  a  sufficient  length 
of  hose  left  outside  the  magazine  to  permit  the 
launch  rail  to  swing  out  completely  without  hin- 
derance.  From  both  the  200  m  position  and  the  245 
m  position,  separate  nylon  ropes  lead  out  of  the 
magazine  48  to  parachutes  20,  20'  contained  in 
cylinders  mounted  on  the  outside  of  the  magazine. 
The  top  layer  of  100-mm  diameter  hose  is  con- 
nected  to  the  tow  line  18  which  is  laid  into  the 
magazine  48  in  the  same  fashion  as  the  hose. 

The  dynamics  of  the  system  are  summarized 
as  follows.  At  ignition  of  the  rocket  motors  50,  the 
tow  vehicle  14  is  prevented  from  moving  down  the 
launch  rail  46  by  a  restraining  link  (not  shown).  The 
link  breaks  when  the  thrust  produced  exceeds  that 
of  3  motors.  This  means  that  4  motors  are  function- 
ing,  and  sufficient  velocity  will  be  developed  at  the 
end  of  the  3.65-m  long  launch  rail  to  achieve  stable 
flight.  The  rocket-powered  tow  vehicle  14  is  aero- 
dynamically  conventional,  but  is  unusual  in  that  it 
has  a  high  mass  of  108  kg  at  ignition. 

Initially,  the  rocket  14  accelerates  rapidly,  hav- 
ing  only  the  light  tow  cable  assembly  18  to  draw 
from  the  magazine  48.  At  a  slant  range  of  15.2  m 
(the  length  of  the  tow  cable),  the  line-charge  hose 

5  16  begins  to  be  drawn  from  the  magazine  48, 
adding  weight  to  the  flight  assembly.  As  the  flight 
continues,  the  length  of  exposed  line-charge  hose 
increases,  and  its  drag  as  well  as  its  weight  begin 
to  decrease  the  flight  speed. 

io  At  rocket  motor  burnout,  (t  =  2.24  seconds), 
the  high  towing  forces  are  no  longer  available,  and 
the  flight  velocity  begins  to  decrease  under  the 
influence  of  drag  forces.  At  this  point  along  the 
trajectory,  the  weight  of  the  tow  vehicle  becomes 

is  effective.  Its  inertia  contributes  to  the  continuation 
of  the  flight,  along  with  the  weight  of  hose  with- 
drawn  to  this  point.  As  more  hose  is  drawn  from 
the  magazine  48,  drag  forces  increase,  and  the 
flight  velocity  falls  off.  Studies  show,  however,  that 

20  the  residual  velocity  at  the  impact  point  can  reach 
values  as  high  as  21  meters  per  second. 

Since  the  mass  of  the  flight  assembly  ap- 
proaches  450  kg,  the  kinetic  energy  available  is 
considerable,  and  the  hose  may  be  torn  from  its 

25  point  of  attachment  if  some  type  of  braking  is  not 
applied  to  the  assembly.  For  this  reason,  a  first 
parachute  20  attached  to  the  line-charge  hose  16 
by  a  cable  is  deployed  at  the  two  thirds  position 
along  the  trajectory.  The  parachute  20  is  of  the 

30  cross  type,  notable  for  its  rapid  characteristics,  and 
stowed  in  a  tube  attached  to  the  outside  of  the 
magazine  48.  The  function  of  the  parachute  20  is  to 
reduce  the  velocity  of  the  line-charge  assembly  at 
the  point  of  impact.  A  second  parachute  20'  is 

35  deployed  at  the  three  quarters  position  along  the 
flight  path  to  further  reduce  the  impact  velocity. 

At  the  impact  point,  the  tow  vehicle  motion 
stops.  However,  the  line-charge  assembly  forward 
motion  continues,  and  this  velocity  is  reduced  to 

40  zero  using  the  launch  rail  46  as  a  large-capacity 
energy  absorber.  The  absorption  of  the  residual 
energy  of  the  line-charge  assembly  at  impact  is 
accomplished  by  swinging  the  launch  rail  46  out  to 
one  side  of  the  carrier  12,  using  a  hydraulic  cyl- 

45  inder  66.  The  end  of  the  line-charge  assembly  is 
attached  to  the  forward  part  of  the  launch  rail  46. 
As  the  forward  motion  continues  the  slack  in  the 
line-charge  assembly  is  taken  up  and  large  forces 
develop  at  the  hose  attachment  point  due  to  inertia 

50  of  the  line-charge  assembly.  The  launch  rail  tip 
travels  forward  at  a  distance  of  up  to  2.6  m  under 
the  influence  of  these  inertially  developed  forces, 
forcing  oil  under  controlled  pressure  out  of  the 
hydraulic  cylinder  66.  Up  to  37,000  Joules  of  en- 

55  ergy  can  be  dissipated  using  moderate  (170  atm) 
oil  pressure.  The  sideways  extension  of  the  launch 
rail  46  also  positions  the  line-charge  hose  16  so 
that  moventent  of  the  vehicles  can  take  place  with- 

5 
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out  tracks  or  tires  treading  upon  the  hose. 
Thus,  it  is  seen  that  the  launch  rail  46  functions 

in  two  modes.  In  the  first  mode,  it  provides  the 
initial  guidance  in  aiming  the  rocket-powered  tow 
vehicle  14.  In  the  second  mode,  it  serves  as  an 
important  element  in  a  system  to  dissipate  the 
residual  energy  of  the  flight  assembly.  As  the  tow 
vehicle  14  leaves  the  rail  46,  the  slack  in  the  tow 
cable  18  is  taken  up  and  the  swivel  assembly  64  is 
drawn  rapidly  from  its  containing  sleeve  mounted 
on  the  underside  of  the  launch  rail  46.  The  depar- 
ture  of  the  swivel  assembly  64  actuates  a  limit 
switch  which,  in  turn,  operates  a  solenoid  valve 
admitting  oil  under  pressure  to  the  swing  cylinder 
66,  thus  moving  the  launch  rail  in  azimuth. 

At  the  end  of  the  flight,  the  launch  rail  46  is 
pulled  by  the  line-charge  assembly  and  swings 
toward  its  original  straight  ahead  position.  As  the 
internal  pressure  in  the  hydraulic  cylinder  66  in- 
creases  under  the  forces  applied  by  the  inertia  of 
the  line-charge  assembly,  the  oil  is  throttled 
through  a  relief  valve,  thus  absorbing  the  residual 
kinetic  energy  of  the  moving  hose  and  bringing  it 
to  a  stop.  The  distributed  line-charge  hose  is  now 
ready  to  be  filled  with  liquid  fuel. 

The  use  of  parachutes  for  braking  purposes 
enables  the  line-charge  hose  assembly  to  be  as- 
sembled  in  discrete  pieces  instead  of  requiring 
very  long  continuous  lengths  of  hose.  Such  would 
be  the  case  if  the  hose  passed  through  a  mechani- 
cal  brake.  This  enables  standard  lengths  of  100-m 
diameter  fire  hose  to  be  assembled  in  order  to 
achieve  the  required  length  of  breach.  The  design 
breach  length  is  200  meters.  This  is  achieved  by 
using  six  lengths  of  hose  30.5  m  long  plus  one 
length  of  hose  18  m  long.  The  design  standoff  (i.e., 
the  distance  between  the  edge  of  the  minefield  and 
the  deploying  vehicle)  is  100  meters.  Since  the 
standoff  or  "umbilical"  hose  22  transmits  fluid  but 
is  not  used  for  breaching  purposes,  it  is  of  smaller 
65-mm  diameter.  It  is  constructed  from  three  30.5- 
m  lengths  of  hose  plus  an  additional  9-m  length  of 
hose.  An  aluminum  fitting  68  connects  the  two 
different  diameters  of  hose.  The  aft  end  of  the 
umbilical  hose  22  terminates  with  a  fitting  which  is 
attached  to  the  forward  end  of  the  launch  rail  46. 
The  100-m  diameter  hose  16  contains  detonating 
cord  24  of  170  grant  per  meter  weight.  The  65-mm 
diameter  hose  22  contains  control  wires  for  the 
purpose  of  initiating  the  burster  and  secondary 
charges. 

Once  the  detonating  cord-containing  hoses 
16,22  have  been  deployed  as  described 
hereinabove,  it  is  necessary  to  fill  the  hose  16  with 
fuel.  The  fast  fuel  filling  system  consists  of  a  high- 
pressure  nitrogen  supply  42,  a  fuel  tank  40,  a  water 
tank  44  and  a  network  of  associated  pipes,  valves 
and  control  equipment.  The  flow  of  fuel  is  initiated 

by  applying  high-pressure  nitrogen,  stored  in  a  pair 
of  steel  cylinders  42  mounted  on  the  trailer  12,  to 
the  free  surface  of  fuel  in  the  fuel  storage  tank  40. 
Fuel  exits  the  tank  40  through  one  of  two  valves 

5  located  on  the  underside  and  at  either  end  of  the 
tank.  The  valve  from  which  fuel  exits  the  tank  40  is 
selected  by  a  level  sensing  device  so  that  fuel 
flows  front  the  lowest  end  of  the  tank.  The  rate  of 
fuel  flow  is  exceptionally  high  so  that  the  200  m 

io  length  of  line-charge  hose  16  is  filled  in  a  relatively 
short  time  (i.e.,  a  time  on  the  order  of  1-2  minutes). 
Once  a  pressure  sensor  detects  that  the  hose  16 
has  been  completely  filled,  the  valve  at  the  exit  of 
the  fuel  tank  40  is  automatically  closed.  At  the 

is  same  time,  the  high-pressure  nitrogen  supply  42  is 
redirected  to  the  water  tank  44,  forcing  water  from 
the  tank  44  into  the  supply  piping  to  the  line- 
charge  hose  16.  The  amount  of  water  injected  is 
that  necessary  to  fill  a  length  of  65-mm  diameter 

20  umbilical  line  22  deemed  appropriate  to  safely  iso- 
late  the  carrier  vehicle  from  the  explosive  event.  As 
water  is  injected  into  the  umbilical  line  22,  an  equal 
amount  of  fuel  is  vented  from  a  relief  valve  70 
located  at  the  downstream  end  of  the  line-charge 

25  hose.  A  substantially  high  internal  pressure  has 
been  selected  from  the  filling  operation  i)  to  ensure 
that  the  hose  16  remains  approximately  circular  in 
cross  section,  ii)  to  help  guarantee  that  kinks  in  the 
hose  16  are  straightened  out,  iii)  to  minimize  the 

30  filling  time  of  the  charge,  and  iv)  to  eliminate  trou- 
blesome  vapour  bubbles  from  forming  inside  the 
hose  16  (these  have  been  found  to  be  the  cause  of 
premature  cloud  ignition).  Both  the  fuel  and  water 
are  routed  through  a  filler  tube  (not  shown)  con- 

35  tained  inside  the  launch  rail  46.  These  fluids  enter 
the  line-charge  hose  through  a  fitting  attached  to 
the  end  of  the  launch  rail. 

Having  filled  the  line-charge  hose  16  with  fuel, 
the  firing  sequence  is  started.  A  controller  provides 

40  an  electrical  pulse  which  initiates  a  detonator  at- 
tached  to  the  fill  end  of  the  detonating  cord  24.  As 
the  cord  undergoes  detonation,  the  fuel  is  propel- 
led  outward  forming  a  fuel  droplet-air  cloud.  The 
same  electrical  pulse  is  used  to  initiate  a  series  of 

45  delay  detonators.  These  are  embedded  in  high- 
explosive  secondary  charges  whose  purpose  is  to 
commence  detonation  of  the  droplet-air  cloud.  The 
secondary  charges  are  attached  to  the  line-charge 
assembly  at  specified  intervals  as  seen  more  par- 

50  ticularly  in  Figures  9-11.  Therein,  it  will  be  seen 
that  each  secondary  charge  70,  including  for  exam- 
ple  about  one  kilogram  of  high  explosive,  is  at- 
tached  to  a  spring  wire  72  which  is  held  to  the 
hose  16  by  an  expandible  sleeve  74.  As  found  in 

55  Figure  9  the  charge  70  is  positioned  against  the 
sleeve  74  by  a  rupturable  band  76.  In  this  position 
the  spring  wire  is  coiled,  in  tension. 
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Figure  10  shows  the  hose  16  inflating  as  the 
fuel  is  forced  therealong,  the  hose  growing  in  diam- 
eter  as  at  78.  The  sleeve  74  is  also  starting  to 
expand  at  that  point. 

Figure  11  shows  that  the  force  of  the  moving 
fuel  is  sufficient  to  rupture  the  band  76,  releasing 
the  charge  70  and  allowing  the  spring  72  to  pivot 
the  charge  to  a  position  elevated  above  the  hose 
16.  As  seen  in  Figure  11  the  hose  16  and  sleeve 
74  have  expanded  radially  during  the  filling  step. 

The  detonator  time  delay  is  suitable  to  allow 
full  development  of  the  cloud.  As  the  fully  devel- 
oped  cloud  detonates,  the  resulting  pressure  wave 
will  detonate  or  neutralize  mines  within  the 
minefield  along  a  path  defined  by  the  hose  16  and 
sufficiently  wide  for  personnel  and  vehicles  to  pass 
therealong. 

It  should  be  noted  that  detonation  of  the  cloud 
may  result  in  detonation  of  the  mines,  either  by 
causing  sympathetic  detonation  of  the  explosives 
therein  or  by  causing  depression  of  the  mine's 
pressure  plate  to  thereby  actuating  the  mine.  It  is 
perhaps  more  likely,  however,  that  detonation  of 
the  cloud  will  neutralize  the  mine,  rendering  it  in- 
effective,  as  for  example  by  mechanically  destroy- 
ing  the  mine's  fuzing  system. 

The  inclusion  of  the  detonating  cord  24  within 
the  hose  16  as  described  hereinbefore  will  gen- 
erally  work  quite  satisfactorily  since  the  hydrocar- 
bon  fuel  within  the  hose  will  tend  to  "float"  the 
cord,  keeping  it  out  of  contact  with  the  hose  inner 
wall  27.  However,  such  contact  can  occur  and  at 
the  time  of  detonation  there  could  be  a  jet  of  hot 
combustion  products  and  debris  emerging  from  the 
hose  wall  at  each  point  where  the  cord  24  is  in 
contact  with  the  hose  wall.  Usually  the  hot  material 
will  be  quenched  by  the  surrounding  or  neighbor- 
ing  fuel  and  the  proper  formation  of  a  fuel  droplet- 
air  cloud  ensues.  If  a  piece  of  debris  remains  at  a 
high  enough  temperature  until  the  fuel/air  ratio  with- 
in  the  cloud  reaches  a  value  that  will  support  com- 
bustion,  there  could  be  premature  deflagration  of 
the  fuel  droplet-air  cloud.  When  this  occurs  the 
bulk  of  the  fuel  droplet-air  cloud  can  be  consumed 
by  the  flame  before  the  secondary  high-explosive 
charges  get  a  chance  to  function.  Consequently, 
the  resultant  detonation/combustion  process  gen- 
erates  very  low  pressures  and  mines  in  the  area  of 
the  hose  may  not  be  detonated  or  neutralized. 

The  problem  of  hot  spots  can  be  avoided  by 
keeping  the  detonating  cord  out  of  contact  with  the 
hose  inner  wall  27  and  Figures  5A  to  5D  illustrate 
four  ways  of  accomplishing  this. 

In  Figure  5A  a  plurality  of  plastic  discs  29  can 
be  placed  on  the  cord  24  along  its  length,  each 
disc  having  a  diameter  less  than  that  of  the  hose 
interior.  Axially  extending  through  bores  31  can  be 
provided  to  help  avoid  inhibiting  the  flow  of  fuel 

along  the  hose. 
In  Figure  5B  a  cruciform  spacer  33  are  shown 

on  the  cord  24.  A  plurality  of  these  spacers  could 
be  used  and  it  would  not  be  necessary  to  have 

5  them  made  from  a  rigid  material  or  fully  in  contact 
with  the  hose  inner  wall.  This  spacer,  and  the 
spacer  29  of  Figure  5A,  has  the  disadvantages  that 
it  can  create  large  flow  losses  during  the  fuel  filling 
operation  and  it  can  make  hose  storage  awkward, 

io  cumbersome  and  bulky. 
Figure  5C  shows  a  spacer  35  which  has  a 

plurality  of  flexible  spring-like  fingers  37  which 
would  collapse  during  packaging  or  storage  of  the 
hose,  due  to  the  weight  of  hose  sections 

is  thereabove,  but  which  would  move  the  cord  24  into 
a  central  position  within  the  hose  as  the  hose  is 
deployed.  There  are  gaps  39  between  the  fingers 
to  permit  fuel  to  pass  thereby  during  filling  and 
preferably  the  fingers  face  downstream  to  further 

20  reduce  flow  losses. 
Figure  5D  shows  a  preferred  form  of  spacing 

means,  namely  a  jacket  41  which  extends  the 
length  of  the  cord  24.  The  jacket  41  should  be 
made  of  neoprene  or  another  foam  rubber  material 

25  capable  of  resisting  attack  by  the  hydrocarbon  fuel 
being  used.  The  material  should  also  be  of  an  open 
cell  construction  to  allow  fuel  to  completely  sur- 
round  the  cord  24.  A  low  density  foam  is  preferred 
so  as  to  displace  as  little  fuel  as  possible  and  to 

30  provide  little  flow  resistance  during  filling.  By  using 
a  material  that  is  compact  when  dry  means  that 
there  will  be  fewer  packaging  problems  in  compari- 
son  to  the  embodiments  of  Figures  5A  to  5C,  and  if 
the  material  will  swell  when  exposed  to  liquid  fuel 

35  the  cord  24  will  be  moved  towards  to  the  centre  of 
the  hose  for  optimum  dispersion  of  the  fuel  upon 
detonation  of  the  cord. 

The  specific  advantages  to  the  system  of  the 
present  invention  are  as  follows: 

40  I)  The  present  system  breaches  a  continuous 
lane  using  fuel-air  explosives.  Thus,  it  combines 
the  attractive  features  of  the  GIANT  VIPER  and 
the  SLUFAE  into  a  single  apparatus. 
ii)  Although  the  concept  of  dispersing  liquid  fuel 

45  to  form  a  dropletair  cloud,  and  subsequently 
detonating  it,  is  not  new,  the  present  line-charge 
configuration  is  thought  to  be  novel  in  that  it 
enables  the  formation  of  long  hemicylindrical 
clouds.  Existing  FAE  devices  produce  circular 

50  pancake  shaped  clouds. 
iii)  The  present  system,  unlike  either  the  GIANT 
VIPER  or  SLUFAE  systems,  delivers  the  empty 
fuel  container  (i.e.,  hose)  to  the  breach  site. 
Subsequently,  in  a  post-filling  operation,  fuel  is 

55  supplied  to  the  container.  The  smaller  rocket- 
delivered  payload  means  reduce  complexity  and 
lower  cost.  There  is  also  less  likelihood  that  the 
empty  line-charge  hose  (weighing  about  0.5 
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kg/m)  will  trigger  an  anti-personnel  mine  when  it 
lands  than  will  the  GIANT  VIPER  (weighing  6.3 
kg/m). 
Iv)  The  concept  of  post-filling  means  that  a 
variety  of  liquid  fuels  can  be  used  with  the  5 
system  (e.g.,  propylene  oxide,  hexylnitrate, 
ethylhexylnitrate,  sensitized  vehicle  fuels,  etc.). 
This  feature  may  be  a  valuable  asset  in  a  war- 
time  situation  where  the  availability  in  specific 
materials  at  the  battle  front  may  be  limited.  10 
v)  The  concept  of  post-filling  means  that  the 
characteristics  of  the  FAE  line  charge  can  be 
altered  shortly  before  deployment.  For  example, 
the  addition  of  aluminum  particles  or  high-explo- 
sive  particulates  to  the  liquid  fuel  will  enhance  is 
the  pressure-impulse  performance  of  the  cloud, 
thus  increasing  the  possibility  that  hardened  or 
long-duration  mines  will  be  defeated.  Another 
example  is  the  addition  of  n-propylnitrate  to  the 
fuel  in  order  to  sensitize  it  for  use  in  low-tern-  20 
perature  environments. 
vl)  The  concept  of  post-filling  means  that  the 
application  of  the  line  charge  can  be  determined 
shortly  before  deployment.  For  instance,  the  use 
of  high-explosive  slurry  or  nitromethane  fuel  25 
would  result  in  a  line  charge  substantially  iden- 
tical  to  the  GIANT  VIPER.  That  is,  the  use  of 
these  fuels  permits  the  charge  to  become  a 
high-explosive  one  rather  than  one  of  lower  en- 
ergy  density  fuel-air.  This  bimodal  HE/FAE  fea-  30 
ture  is  thought  to  be  novel, 
vll)  The  present  line-charge  system  is  safer  than 
the  GIANT  VIPER  in  that  the  fuel  is  non-explo- 
sive  until  it  is  mixed  with  air  during  the  fuel 
dispersal  phase.  The  PE6/A1  material  in  the  35 
GIANT  VIPER  is  detonable  while  in  the  trailer 
and  thus  poses  a  greater  threat  to  personnel  in 
the  carrier  vehicle. 
vIII)  The  cost  of  expendable  materials  is  an 
order  of  magnitude  less  than  for  either  the  Gl-  40 
ANT  VIPER  or  SLUFAE  systems  (for  similar 
performance).  The  estimated  cost  for  a  200  m 
long  breach  with  the  present  system  is  about 
1/8  of  the  cost  per  breach  (183  m  long)  for  the 
GIANT  VIPER.  The  cost  of  each  rocket-propel-  45 
led  SLUFAE  canister,  complete  with  rocket, 
parachute  and  initiation  system  is  about  $5K 
(U.S.)  for  a  total  breach  (30  canisters)  cost  in 
excess  of  that  for  the  GIANT  VIPER.  The  lower 
cost  of  the  present  system  is  the  result  of  tech-  so 
nical  simplicity,  a  smaller  rocket-propelled  pay- 
load  and  the  use  of  readily  available  materials 
(e.g.,  fire  hose  and  detonating  cord  are  off-the- 
shelf  items;  most  fuels  are  commonly  available 
in  the  automotive  or  plastics  manufacturing  in-  55 
dustry). 
Ix)  The  present  system  is  not  restricted  to  use 
with  a  rocket  type  of  hose  deployment  means  as 

is  shown  herein.  The  system  could  utilize  a  self- 
propelled,  remotely  operated  vehicle  having 
large-footprint,  low  pressure  tires  to  either  tow 
the  hose  from  the  carrier  means  across  the 
minefield  or  to  lay  the  hose  therefrom  as  it 
traverses  the  minefield.  Such  a  vehicle  exerts 
very  low  pressures  on  the  ground  and  can  travel 
on  a  minefield  with  a  low  likelihood  of  detonating 
a  pressure  sensitive  mine. 
The  description  as  provided  herein  is  intended 

to  set  forth  the  preferred  form  of  the  present  inven- 
tion  as  currently  envisaged.  It  is  expected  that 
skilled  persons  in  the  art  could  alter  details  of  the 
invention  without  departing  from  the  spirit  thereof. 

Claims 

1.  A  system  for  breaching  a  safe  lane  through  a 
minefield  containing  pressure  sensitive  mines 
including  (a)  mobile  carrier  means  (12);  (b)  a 
length  of  flexible  hose  carrying  therein  and 
therealong  detonation  means  (24)  of  explosive 
material,  said  hose  being  carried  by  said  car- 
rier  means  (12)  for  deployment  therefrom,  (c) 
hose  deployment  means  (14)  carried  by  said 
carrier  means  (12)  and  launchable  therefrom, 
one  end  of  the  hose  being  connected  to  the 
deployment  means  (14)  with  the  other  end 
(24')  of  the  hose  being  connected  to  the  carrier 
means  (12);  (d)  liquid  fuel  storage  means  (40) 
on  the  carrier  means  (12);  (e)  means  (42)  on 
the  carrier  means  (12)  for  rapidly  transferring 
fuel  from  the  storage  means  (40)  to  the  hose 
after  deployment  thereof  and  (f)  means  for 
detonating  the  detonation  means  after  hose 
deployment  to  create  a  pressure  wave  which 
detonates  or  neutralizes  the  mines  along  the 
lane;  characterized  by  (g)  the  detonation 
means  is  a  small  diameter  cord  (24)  of  explo- 
sive  material,  (h)  the  hose  includes  a  main 
hose  section  (16)  and  an  umbilical  hose  sec- 
tion  (22)  of  a  diameter  smaller  than  that  of  the 
main  hose  section  (16),  said  cord  (24)  of  explo- 
sive  material  extending  primarily  within  said 
main  hose  section  (16)  and  being  electrically 
connected  through  the  umbilical  hose  section 
(22)  to  said  carrier  means  (12)  (i)  the  means 
for  detonating  the  cord  (24)  after  hose  deploy- 
ment  first  creates  a  cloud  of  fuel  droplets-in-air 
above  the  minefield  along  a  line  defined  by  the 
deployed  hose,  and  includes  means  for  there- 
after  detonating  the  cloud  to  create  said  pres- 
sure  wave,  (k)  means  for  sensing  when  said 
main  hose  section  (16)  is  full  of  fuel,  (I)  a  tank 
(44)  stored  on  said  carrier  means  (12)  for  stor- 
ing  water  therein;  and  (m)  valve  means  op- 
erable  to  direct  pressurized  gas  from  said  fuel 
transferring  means  (42)  into  said  water  tank 
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(44)  to  drive  water  therefrom  into  said  umbilical 
hose  section  (22)  when  said  sensing  means 
has  sensed  that  said  main  hose  section  (16)  is 
full  of  fuel. 

2.  The  system  of  claim  1  wherein  the  storage 
means  (40)  is  connected  to  the  umbilical  hose 
section  (22)  via  first  valve  means  and  the  fuel 
transferring  means  (42)  includes  at  least  one 
tank  of  pressurized  nitrogen  mounted  on  the 
carrier  means  (12)  characterized  in  that  said 
fuel  transferring  means  (42)  is  connected  to 
said  fuel  storage  tank  via  second  valve  means 
whereby  upon  operation  of  said  second  valve 
means  pressurized  nitrogen  gas  will  enter  the 
fuel  storage  tank  to  drive  fuel  therefrom  into 
said  umbilical  (22)  and  main  (16)  hose  sec- 
tions. 

3.  The  system  of  claim  1  characterized  in  that 
said  fuel  may  be  selected  from  the  group 
comprising  liquid  propylene  oxide;  hexylnitrate; 
ethylhexylnitrate;  any  of  the  foregoing  contain- 
ing  particles  of  aluminum  or  high-explosive 
nitromethane;  or  a  high-explosive  slurry. 

4.  The  system  of  claim  1  wherein  the  deployment 
means  (14)  includes  a  rocket-propelled  tow 
vehicle  connectable  via  a  bridle/cable/swivel 
assembly  (18,  18a,  60a,  64)  to  the  adjacent 
end  of  the  main  hose  section  (16),  and  the 
carrier  means  (12)  includes  a  launch  rail  (46) 
along  which  the  tow  vehicle  (14)  is  guided 
during  launch,  characterized  in  that  the  end 
(24')  of  said  umbilical  hose  section  (22)  is 
connected  to  said  launch  rail  (46),  said  launch 
rail  (46)  is  pivotally  connected  to  said  carrier 
means  (12),  and  hydraulic  shock  absorber 
means  (66)  extend  between  said  launch  rail 
(46)  and  said  carrier  means  (12),  said  rail  (46) 
being  pivotable  against  forces  imposed  by  said 
shock  absorber  means  (66)  to  absorb  tension 
forces  in  said  hose  sections  (16,  22). 

5.  The  system  of  any  one  of  claims  1  to  4  char- 
acterized  in  that  said  means  for  detonating  the 
cloud  comprises  a  plurality  of  small  secondary 
charges  (70)  spaced  apart  along  the  exterior  of 
said  main  hose  section  (16),  means  (72,76)  for 
releasing  each  charge  (70)  so  that  it  can  rise 
into  the  cloud,  and  means  for  detonating  said 
secondary  charges  following  detonation  of  said 
cord  (24). 

6.  A  method  of  breaching  a  safe  lane  through  a 
minefield  containing  pressure  sensitive  mines 
including  the  steps  of  (a)  deploying  a  length  of 
flexible  hose  across  the  minefield,  the  hose 

carrying  a  small  diameter  cord  of  explosive 
material  therein  and  therealong;  (b)  filling  a 
substantial  portion  of  the  hose  laying  on  the 
minefield  with  a  liquid  fuel;  (c)  detonating  the 

5  cord  to  create  a  cloud  of  fuel  droplets-in-air 
above  the  minefield  along  a  line  defined  by  the 
hose  portion;  and  (d)  thereafter  detonating  the 
cloud  to  create  a  pressure  wave  which  deto- 
nates  or  neutralizes  the  mines  along  the  lane; 

io  characterized  by  the  additional  step,  after  step 
(b)of  filling  the  remaining  portion  of  the  hose 
with  water  to  isolate  the  substantial  portion  of 
the  hose  before  detonation. 

is  7.  The  system  of  claim  1  including  means  for 
spacing  said  cord  (24)  from  an  inner  wall  of 
said  hose  along  the  length  thereof. 

Patentanspruche 
20 

1.  System  zum  Durchbruch  eines  sicheren  We- 
ges  durch  ein  Minenfeld,  das  druckempfindli- 
che  Minen  beinhaltet,  mit  (a)  mobilen  Trager- 
einrichtungen  (12);  (b)  einem  flexiblen 

25  Schlauch  bestimmter  Lange,  der  in  seinem 
Inneren  und  uber  seine  Lange  Zundeinrichtun- 
gen  (24)  aus  explosivem  Material  aufnimmt, 
wobei  dieser  Schlauch  von  den  Tragereinrich- 
tungen  (12)  aufgenommen  und  zum  Absetzen 

30  bereitgehalten  wird,  (c)  Schlauchabsetzeinrich- 
tungen  (14),  die  von  den  Tragervorrichtungen 
(12)  aufgenommen  werden  und  von  diesen  ab- 
geschossen  werden  konnen,  wobei  ein  Ende 
des  Schlauches  mit  den  Absetzeinrichtungen 

35  (14)  und  das  andere  Ende  (24')  des  Schlau- 
ches  mit  den  Tragereinrichtungen  (12)  verbun- 
den  ist;  (d)  Flussigbrennstoff-Speichereinrich- 
tungen  (40)  auf  den  Tragereinrichtungen  (12); 
(e)  Einrichtungen  (42)  auf  den  Tragereinrich- 

40  tungen  (12)  zur  schnellen  Einspeisung  des 
Brennstoffs  von  den  Speichervorrichtungen 
(40)  in  den  Schlauch  nach  dessen  Absetzung, 
und  (f)  Einrichtungen  zur  Zundung  der  Zund- 
einrichtungen  nach  dem  Absetzen  des  Schlau- 

45  ches,  urn  eine  Druckwelle  zu  erzeugen,  die  die 
Minen  entlang  des  Weges  sprengt  oder  neutra- 
lisiert;  gekennzeichnet  durch  folgende  Merk- 
male: 
(g)  Die  Zundeinrichtung  ist  eine  dunne  Schnur 

50  (24)  aus  explosivem  Material,  (h)  der  Schlauch 
besteht  aus  einem  Hauptabschnitt  (16)  und  ei- 
nem  Speiseabschnitt  (22),  dessen  Durchmes- 
sar  kleiner  ist  als  der  Durchmesser  des  Haupt- 
abschnittes  (16),  wobei  sich  die  Schnur  (24) 

55  aus  explosivem  Material  im  wesentlichen  inner- 
halb  des  Schlauch-Hauptabschnittes  (16)  er- 
streckt  und  elektrisch  durch  den  Speiseab- 
schnitt  (22)  mit  den  Tragereinrichtungen  (12) 
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verbunden  ist,  (i)  die  Einrichtungen  zur  Zun- 
dung  der  Schnur  (24)  nach  dem  Absetzen  des 
Schlauches  erzeugen  zuerst  eine  Wolke  aus 
zerstaubtem  Brennstoff  oberhalb  des  Minenfel- 
des  entlang  eines  Weges,  wie  er  durch  den 
abgesetzten  Schlauch  definiert  ist,  und  schlieBt 
Einrichtungen  ein,  urn  danach  diese  Wolke  zur 
Detonation  zu  bringen,  urn  die  genannte 
Druckwelle  zu  erzeugen,  (k)  es  sind  Vorrichtun- 
gen  zur  Erfassung  des  Zustandes  vorgesehen, 
wenn  der  Hauptschlauchabschnitt  (16)  mit 
Brennstoff  gefullt  ist,  (I)  ein  Tank  (44)  ist  auf 
den  Tragervorrichtungen  zur  Aufnahme  von 
Wasser  angebracht;  und  (m)  Ventileinrichtun- 
gen  sind  so  steuerbar,  daB  sie  Druckgas  von 
den  Brennstoff-Ubertragungseinrichtungen  (42) 
in  den  Wassertank  (44)  leiten,  urn  Wasser  hier- 
aus  in  den  Speiseabschnitt  des  Schlauches 
(22)  zu  drucken,  wenn  die  Registrierungsein- 
richtungen  festgestellt  haben,  daB  der  Haupt- 
schlauchabschnitt  (16)  mit  Brennstoff  gefullt 
ist. 

2.  System  nach  Anspruch  1,  bei  dem  die  Spei- 
chereinrichtungen  (40)  mit  dem  Speiseab- 
schnitt  (22)  des  Schlauches  uber  erste  Ventil- 
einrichtungen  verbunden  sind  und  die 
Brennstoff-Ubertragungseinrichtungen  (42)  zu- 
mindest  einen  Tank  von  unter  Druck  stehen- 
dem  Stickstoff  auf  den  Tragervorrichtungen 
(12)  beinhalten,  dadurch  gekennzeichnet,  daB 
die  Brennstoff-Ubertragungseinrichtungen  mit 
dem  Brennstoff-Speichertank  uber  zweite  Ven- 
tileinrichtungen  verbunden  sind,  wodurch  bei 
der  Betatigung  dieser  zweiten  Ventileinrichtun- 
gen  unter  Druck  stehendes  Stickstoffgas  in 
den  Brennstoff-Speichertank  einstromt,  urn 
den  Brennstoff  von  dort  in  den  Speiseabschnitt 
(22)  und  den  Hauptabschnitt  (16)  des  Schlau- 
ches  zu  drucken. 

3.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  der  Brennstoff  aus  derjenigen 
chemischen  Verbindungsgruppe  ausgewahlt 
sein  kann,  die  flussiges  Propylenoxid  beinhal- 
tet,  Hexylnitrat,  Ethylhexylnitrat  oder  einen  die- 
ser  Stoffe  mit  Partikeln  von  Aluminium  oder 
hochexplosivem  Nitromethan  oder  ein  hoch  ex- 
plosives  Gemisch  solcher  Substanzen. 

4.  System  nach  Anspruch  1  ,  wobei  die  Absetzein- 
richtungen  (14)  ein  raketengetriebenes  Zugve- 
hikel  beinhalten,  das  uber  eine  Anordnung 
(18,18a,60a,64)  aus 
Seilen/Kabeln/Schwenkanordnungen  mit  dem 
gegenuberliegenden  Ende  des  Hauptabschnit- 
tes  (16)  des  Schlauches  verbindbar  ist,  und 
wobei  die  Tragervorrichtungen  (12)  eine  Start- 

rampe  (46)  beinhalten,  auf  der  dieses  Zugvehi- 
kel  (14)  wahrend  des  Starts  gefuhrt  ist,  da- 
durch  gekennzeichnet,  daB  das  Ende  (24')  des 
Speiseabschnittes  (22)  des  Schlauches  mit  der 

5  Startrampe  (46)  verbunden  ist,  daB  die  Start- 
rampe  (46)  drehbar  mit  den  Tragervorrichtun- 
gen  (12)  verbunden  ist,  und  daB  hydraulische 
StoBdampfereinrichtungen  (66)  sich  zwischen 
der  Startrampe  (46)  und  den  Tragereinrichtun- 

io  gen  (12)  erstrecken,  so  daB  die  Startrampe 
(46)  drehbar  gegen  Krafte  ist,  die  von  den 
StoBdampfereinrichtungen  (66)  erzeugt  wer- 
den,  urn  Spannungskrafte  in  den  Abschnitten 
(16,22)  des  Schlauches  zu  absorbieren. 

15 
5.  System  nach  einem  der  Anspruche  1  bis  4, 

dadurch  gekennzeichnet,  daB  die  Einrichtun- 
gen  zur  Zundung  der  Wolke  eine  Vielzahl  von 
kleinen  Sekundarladungen  (70)  beinhalten,  die 

20  entlang  der  AuBenseite  des  Hauptabschnittes 
(16)  des  Schlauches  im  Abstand  voneinander 
angeordnet  sind,  sowie  Vorrichtungen  (72,76), 
urn  jede  Sekundarladung  (70)  freizugeben,  so 
daB  sie  sich  in  die  Wolke  bewegen  kann,  und 

25  Vorrichtungen  zur  Zundung  dieser  Sekundarla- 
dungen  nach  der  Zundung  der  Schnur  (24). 

6.  Verfahren  zum  Durchbruch  eines  sicheren  We- 
ges  durch  ein  Minenfeld  mit  druckempfindli- 

30  chen  Minen  mit  folgenden  Verfahrensschritten: 
(a)  Absetzung  eines  flexiblen  Schlauches  be- 
stimmter  Lange  uber  das  Minenfeld,  in  dem 
eine  dunne  Schnur  aus  explosivem  Material 
uber  die  gesamte  Lange  angeordnet  ist;  (b) 

35  Einfullen  eines  flussigen  Brennstoffs  in  einen 
wesentlichen  Abschnitt  des  Schlauches,  (c) 
Zundung  der  Schnur,  urn  eine  Wolke  von  zer- 
staubtem  Brennstoff  oberhalb  des  Minenfeldes 
entlang  einer  Linie  zu  erhalten,  die  durch  den 

40  Schlauch  definiert  ist;  und  (d)  danach  Zundung 
der  Wolke,  urn  eine  Druckwelle  zu  erzeugen, 
die  die  Minen  entlang  dieses  Pfades  zur  Deto- 
nation  bringt  oder  neutralisiert,  gekennzeichnet 
durch  den  zusatzlichen  Verfahrensschritt,  nach 

45  Schritt  (b),  daB  der  verbleibende  Abschnitt  des 
Schlauches  mit  Wasser  befullt  wird,  urn  ihn 
von  dem  groBeren  Abschnitt  des  Schlauches 
vor  der  Detonation  zu  isolieren. 

50  7.  System  nach  Anspruch  1  mit  Einrichtungen, 
die  die  Schnur  (24)  von  der  Innenseite  des 
Schlauches  und  uber  dessen  Lange  in  Ab- 
stand  halten. 

55  Revendicatlons 

1.  Systeme  pour  ouvrir  un  passage  sur  a  travers 
un  champ  de  mines  contenant  des  mines  sen- 
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sibles  a  la  pression,  comportant  : 
a)  un  engin  porteur  mobile  (12)  ; 
b)  une  longueur  de  tuyau  flexible  dont  I'inte- 
rieur  contient  sur  toute  sa  longueur  un 
moyen  de  detonation  (24)  de  matiere  explo-  5 
sive,  ledit  tuyau  etant  porte  par  ledit  engin 
porteur  (12)  et  pouvant  etre  deploye  a  partir 
de  celui-di  ; 
c)  un  moyen  de  deploiement  du  tuyau  (14) 
porte  par  ledit  engin  porteur  (12)  et  deroule  10 
a  partir  de  celui-ci,  I'une  des  extremite  du 
tuyau  etant  raccordee  au  moyen  de  deploie- 
ment  (14),  I'autre  extremite  (24')  du  tuyau 
etant  raccordee  a  I'engin  porteur  (12)  ; 
d)  un  moyen  de  stockage  de  carburant  li-  is 
quide  (40)  sur  I'engin  porteur  (12)  ; 
e)  un  moyen  (42)  sur  I'engin  porteur  (12) 
pour  tranferer  rapidement  du  carburant  a 
partir  du  moyen  de  stockage  (40)  au  tuyau 
apres  deploiement  de  celui-ci  ;  20 
f)  des  moyens  pour  faire  exploser  le  moyen 
de  detonation  apres  deploiement  du  tuyau 
pour  creer  une  vague  de  pression  qui  fait 
exploser  ou  neutralise  les  mines  le  long  du 
passage  prevu  ;  caracterise  en  ce  que  25 
g)  le  moyen  de  detonation  est  constitue  par 
un  cordon  (24)  de  faible  diametre  en  matie- 
re  explosive 
h)  le  tuyau  comporte  une  partie  principale 
(16)  et  une  partie  de  tuyau  ombilical  (22)  30 
d'un  diametre  plus  faible  que  celui  de  la 
partie  principale  (16),  ledit  cordon  (24)  en 
matiere  explosive  s'etendant  essentielle- 
ment  a  I'interieur  de  ladite  partie  principale 
(16)  du  tuyau  et  etant  connecte  electrique-  35 
ment  a  travers  la  partie  ombilicale  du  tuyau 
(22)  audit  engin  porteur  (12) 
i)  le  moyen  pour  faire  exposer  le  cordon 
(24)  apres  deploiement  du  tuyau  cree 
d'abord  un  nuage  de  gouttes  de  combusti-  40 
ble  dans  I'air  au-dessus  du  champ  de  mines 
le  long  d'une  ligne  definie  par  le  tuyau 
deploye  et  est  prevu  pour  faire  detoner  en- 
suite  le  nuage  pour  creer  ladite  vague  pres- 
sion  ;  45 
k)  des  moyens  pour  detecter  le  moment  ou 
ladite  partie  principale  du  tuyau  (16)  est 
pleine  de  combustible  ; 
I)  un  reservoir  (44)  loge  sur  ledit  engin  por- 
teur  (12)  pour  y  stacker  de  I'eau  ;  et  so 
m)  des  moyens  constitues  par  une  valve 
pour  envoyer  du  gaz  sous  pression  a  partir 
dudit  moyen  (42)  de  transfert  de  combusti- 
ble  dans  ledit  reservoir  d'eau  (44)  pour  en- 
voyer  de  I'eau  a  partir  de  celui-ci  dans  la  55 
partie  ombilicale  du  tuyau  (22)  lorsque  ledit 
moyen  de  detection  a  detecte  que  ladite 
partie  principale  du  tuyau  (16)  est  pleine  de 

combustible. 

2.  Systeme  selon  la  revendication  1,  dans  lequel 
le  moyen  de  stockage  (40)  est  raccorde  a  la 
partie  ombilicale  du  tuyau  (22)  via  un  premier 
dispositif  a  valve  et  dans  lequel  le  moyen  de 
transfert  de  combustible  (42)  comporte  au 
moins  un  reservoir  d'azote  sous  pression  mon- 
te  sur  I'engin  porteur  (12),  caracterise  en  ce 
que  ledit  moyen  de  transfert  de  combustible 
(42)  est  raccorde  audit  reservoir  de  stockage 
de  combustible  par  un  second  dispositif  a  val- 
ve,  I'azote  gazeux  sous  pression  prenetrant 
dans  le  reservoir  de  stockage  de  combustible 
pour  faire  passer  le  combustible  de  celui-ci 
dans  lesdites  parties  ombilicales  (22)  et  princi- 
pals  (16)  du  tuyau  lorsque  ledit  second  dispo- 
sitif  a  valve  fonctionne. 

3.  Systeme  selon  la  revendication  1,  caracterise 
en  ce  que  ledit  combustible  est  choisi  dans  le 
groupe  comportant  I'oxyde  de  propylene  liqui- 
de,  I'hexyl  nitrate,  I'ethyl-hexyl-nitrate,  I'un 
quelconque  des  corps  precedents  contenant 
des  particules  d'aluminium  ou  du  nitro-metane 
a  haute  explosivite  ou  un  melange  a  haute 
explosivite. 

4.  Systeme  selon  la  revendication  1,  dans  lequel 
le  moyen  de  deploiement  (14)  comporte  un 
engin  tracte  entraTne  par  une  roquette  a  heli- 
ces  raccordable  avec  un  assemblage  a  bride, 
cable  et  emerillon  (18,  18a,  60a,  64)  a  I'extre- 
mite  adjacente  de  la  partie  principale  du  tuyau 
(16),  I'engin  porteur  (12)  comportant  un  rail  de 
lancement  (46)  le  long  duquel  I'engin  tracte 
(14)  est  guide  durant  le  lancement,  caracterise 
en  ce  que  I'extremite  (24')  de  ladite  partie 
ombilicale  du  tuyau  (22)  est  raccordee  audit 
rail  de  lancement  (46),  qui  est  solidaire  en 
pivotant  dudit  engin  porteur  (12)  et  en  ce  qu'un 
moyen  hydraulique  d'absorption  des  chocs 
(66)  est  dispose  entre  ledit  rail  de  lancement 
(46)  et  ledit  engin  porteur  (12),  ledit  rail  (46) 
pouvant  pivoter  par  rapport  a  des  effets  impo- 
ses  par  ledit  moyen  absorbeur  de  choc  (66) 
afin  d'absorber  les  effets  de  traction  dans  les- 
dites  parties  du  tuyau  (16,  22). 

5.  Systeme  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  caracterise  en  ce  que  ledit 
moyen  pour  faire  detoner  le  nuage  comporte 
une  pluralite  de  charges  secondaires  (70)  dis- 
posers  separement  le  long  de  I'exterieur  de  la 
partie  principale  du  tuyau  (16),  des  moyens 
(72,  76)  pour  lacher  chaque  charge  (70)  de 
maniere  qu'elle  monte  dans  le  nuage  et  des 
moyens  pour  faire  exploser  lesdites  charges 
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secondaires  a  la  suite  de  I'explosion  du  cordon 
(24). 

6.  Procede  pour  ouvrir  un  passage  sur  a  travers 
un  champ  de  mines  contenant  des  mines  sen-  5 
sibles  a  la  pression  comportant  les  etapes 
consistant  a  : 

a)  deployer  une  longueur  de  tuyau  flexible  a 
travers  le  champ  de  mines,  I'interieur  du 
tuyau  contenant  sur  toute  sa  longueur  un  10 
cordon  de  faible  diametre  en  matiere  explo- 
sive  ; 
b)  remplir  une  partie  principale  du  tuyau 
disposee  sur  le  champ  de  mines  avec  un 
carburant  liquide  ;  is 
c)  faire  exploser  le  cordon  pour  creer  un 
nuage  de  gouttelettes  de  carburant  dans 
I'air  au-dessus  du  champ  de  mines  le  long 
d'une  ligne  definie  par  cette  partie  de  tuyau 
;  et  20 
d)  faire  ensuite  exploser  le  nuage  pour 
creer  une  pression  qui  fait  exploser  et  neu- 
tralise  les  mines  le  long  du  passage  prevu  ; 
caracterise  par  la  phase  apres  I'etape  b)  qui 
consiste  a  remplir  la  partie  complementaire  25 
du  tuyau  avec  de  I'eau  pour  isoler  la  partie 
principale  du  tuyau  avant  I'explosion. 

7.  Systeme  selon  la  revendication  1,  comportant 
des  moyens  pour  espacer  ledit  cordon  (24)  de  30 
la  paroi  interne  dudit  tuyau  tout  le  long  de  ce 
dernier. 
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